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STABILITY AND COMPATIBILITY TESTING USING A MICROCALORIMETRIC METHOD
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ABSTRACT

A microcalorimetric method is used for compatibility and stability studies. The
high sensitivity of the instrument permits measurements at £0°¢ or even lower, l.e.
under more realistic conditions than offered by conventionel techniques like DIA
and vacuum stability tests. The instrument consists of four independent calorimeters
with a short thermal relsxation time, high sensitivity and excellent baseline sta—
bility. The calorimeters are placed in & common, precisely thermostated water bath.

In compatibility studies, heat flow curves are recorded for the pure components
and a mixture of these. A theoretical curve is constructed, which simulates a non-
interacting system, The difference betwesn the theoretical and the experimental
curve for the mixture reflects the degree of interaction between the materiels. A
number of compatibility problems are discussed, including interactions in mixtures
of TNT with amine/amide type polymers, polycarbonate - double base propellant
interactions under various conditions and the influence of an anaerobic sealant
on a high explosive and a propellant, Some results from stability measurements on

an igniting compound are also presented.

INTRODUCTION

Many preoducts — among them ordnsnce proeducts — conslst of numerous parts manu-
factured from a wide varisty of materials, e.g. explosives, plastics and metals,
These materinls must not affect each other, as changed materisl properties may cause
problems regarding safety or function of the produet. If materials are acceptable
in this respect, they are referred to as compatible in the product under considera-—
tion.

Interactions — chemical or physical - between materials are representing a wide
range of reaction types and rates. An extreme case of incompatibility is found
between TNT and a strong base, e.g2. an amine, This interaction is obvious enough
to be established even without the use of measuring technigues. The other extreme
case is the 'long-term' incompatibility, characterized by = very slow reaction

which has negligable influence on the properties of the compounds over a short
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period of time, but which couses seriocus changes In material characlerlstics
during several years of storage. Computibility problems are not seldom the limi-
ting factor for the shell life of a product.

Seversl methods suitable for compatioility studies are known, e.g. DTA (ref. 1),
vacuum stability test (refs. 2,3) end similar technlques {raf. W), calorimelrie
methods (refs. 5= und wccelerated storage followed by function testing or chemi-
enl analysis {(ref. 2). No singie method can however cope with all compatibility
probiems.

Alerocalorimetry is a powerful new technique for stabilivy and compaL ibiiity
studies. Due to its high scnsitivity, measuvements cowld be carried out at much
lower temperatures (6070 or less) than with conventicnal metheds. Tnis reduces
extrepolation errors when the resulte are transferred te normal temperature condi-
tiong. Furthermore, Lhe seasitivity makes it possible to detect very siow reactions
in incompntible systems and in the decomposlition of propailants and explosives. 1T
no activity is detected in a sample, it is cons’dered as stable. There 1s of course
a Lheorctlcal chanve [or the occurrence of simultaneous resctlons with perfsactly
balancing cnthalpics, bub this case 1s very Ilmprosable and may be ncgiccted. In
<his paper we present microcaiorimetric results for combinaticons of high explosives
or propellants with & number of different polymers. A stability study ol o pyro-

technic composition is also included,

EXPERIMENTAZL

The mizsrocalorimetoer

The microcalorimeter used irn this work i1s a prototype of a commercizlly available
insbrument, originally designed for biclogical measuarements. [t 1s developed and
built a® the Thermochemistry Taboratory, Chemical Center, UYnlversity of Lund, Sweden.
it consists of I independent calorimeters of twin type, placed in a common, preclsely
thermoutated water babh, electronic equipment for signal amplification, cullibration
and temperaturs control and a pump plus heat exchanger lor the water bath. The
calorimeters are ol the thermopile heat conduction type. Sone data for the ifnstru-
ment are swmmarized in Takle 1. A detailed deseription of the calorimeter is given
elsevhere (ref. &). A mini-cowputer iz connected to the instrumsnl Lo fucilitate
daty eoslectlon, evaluallon, plotting of results and direct readout of heat flow.

The complete calorimeter system is shown in Figurc 1.

Sample preparation

A survey of the materisls used in this work 1s shown in Table 2. ALl malerials
were used without further pﬁrification. Before preparation ol the microcalorimeter
sumples, the high explosives A1 and A3 were finely ground in a wooden grinding mor-
tar. The oropellant A% and the polymers BT, B2, BA-B6 and BO were ground in a Retsch

type ZM1 high speed centrifugal mill. The remalning materials were used as received.
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TABLE 1

Selected technical dats for the microcalorimeter

Water bath

Thermostat stability (at 37°C) 21 . 10 Mg {24 h period)
Temperature range 4s - 9500 (20 - BOOC}a

Celorimeter unit (for insertion vessels)

Baseline stability {at STDC} 0.1 uW (12 h period)
Linearity (4% - 14000 uW) Within 0.2%
Sample vesselsb Steel smpoule, volume 5 ml

Glass vial, volume 3 ml

Thermal equilibration timec L5 min

aFigur‘es in paranthesis refer to the commercial version.
b - - . . -
A perfusion - titration vessel 15 alsc aveilable.

“From 25°C {ambient) o 37°C {calorimeter temperature}, steel ampoule with

95 ml water, no dynamic correction of the signal.

Fig. 1. The microcalorimeter with computer for data collection, evaluation,
plotting and direct readout of heat #iow (plotter is not showm here). A sample
has Jjust been removed from one of the calorimeters. he recovery curve of the
empty calorimeter is shown con the screen.
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TABLE 2

Tist of materiasls participating in this study

Nr Sample Manufacturer Remarks

Al TNT Bofors Technical grade

AD RDX Bofors Recrystallized

A3 Composition B Bolors 60+2% RDX, 40t2% 'INT, technical
grade

AL Propellant I Bofors Doubls base

AS Propellant IT - Double base, pre-aged 250 days
at +AH0eC

AE Igniting Bolors KC10),, B, Ba(NOB}E, chlioringsed

composition rubker

BY  Nylom €.6 Montedison Polyamide 6.6

B2 Trogamid T Dynamit Nobel Aromatic polysmide (amorphous)

B3 Kevlar g DuFont Aramide fiber (yarn)

BL Araldite F/ Ciba~Gelgy/
Varsamide 125 Sehering

BS Foss Than T3G/956 Badofoss

B&  Kapton TuFont

a7 Lootite 230 woctite Ireland Ttd

DGEBA epoxy resin/
rolyamincamide

Polyol/MDI urethane adhesive
Polyimide film

Anasrobic acrylate adhesive/
sealent

B8  Makrolon Bayer Bisphercl A Polycaraonate

In all experiments we used 3 ml gluss vials as sample vessels. The amowit oF sample
vas varied betwsen 0.3 and 1.9 grams, depending on the densities of the materials.
All samples were conditlioned in a desiccator with controlled relabive humidify (L9%}
at room temperature for 2 days..The viels were then sealed with a circular glaes disc
glued directly on the opening, using & UV—curing adhesive (Loctite 3%8). This sea-
ling wechniguae vields a very tight wvessel with a minimum of polymeric sealant
present.

In =1l experiments 1.% grams of seas s3and, purified by acid and rcalcined, wasussd

22 ilnert reference substance for the twin ecalorimeter.

Calorimeter measuremenis

Tne calorimetric data are presented as heat flow or integrated heat flow {energy)
curves versus time, normalized to unit sample weight. Heal flow dela are plotted
for the pure components as well as for ﬁhe mixture, A theoretical linear combinadlion
curve of the wwo pure compounds is consiracted. [hls represents the ideal case of
non-interacting compenerts, Ihe dillerence beiwsen Lhe consurucsed and experimental
curves reflects the degrse of inveraction in the system. A1l measurements were made
at T0.0%,

RESULTS AND DISCUSSION
In view of the previously mentioned reactivity of TET with amines, incompasibi-

lity is expected when this explosive is exposed to polymers with similar functionud
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Fig. 2. Heal flow curves at TO'C for the TNT (At)/epoxy (B4) system,

groups. In the first example we present microcalorimetric results for a number of
such TNT/polymer systems. These include smine, amide, imide andﬁrethanetype poly—
mers (samples B1-BE). Heat flow curves are discussed in detall For one of these
systems, TNT/epoxy (A1/BL4}, see Fig. 2. During the first day of measurement, the
pure components as well as the mixture are strongly exothermal. Such effects are
frequently encountered in microcalorimetry, and are not specific for this system,
Relaxation and equilibration processes initiated at the elevated temperature (TDDC)
contribute to these effects. As there are complications with the interpretation of
these parts of the curves, they will not be considered in subseguent discussions.
The TNT curve decreases rapidly to zero heat flow, verifying the excellent stabi-
lity of this compound. The epoxy curve decreases also, but is still exothermal after
10 days. The principsl part cf this exotherm originates from post-cure reactions.
The dotted line is the theoretical non—interachlon curve for a T5/25 wt® mixture of
Al and Bb. A comparison with the corresponding experimental curve gives evidence of
an interaction between the components. By computing the time integral of the diffe—
rence between these two curves (starting at t = 1 day), we obtain a direct measure
of the interaction energy. The result is shown in Fig. 3. The A1/BY interactiocn
amounts to 20 J/g after ¢ days. If we assume, that the extrapolated energy at

infinite time is at least 30 J/g, and that interactions between solid particles are
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limited to a surface region - say 20% of the particle volume - then the energy would
roughly be 50 kJ/mole of TKY. Interactions of that magnitude are most 1lkely to be
of a chemical nature, and the system should be classiTiad as incompaiidie.

Fig. 3 summarizes interuction energies for all IWY/polymer systems 31-Eb. The
largest snergy is obtained Ffor tha 34 system. This polymer is the only one
containing amino Sfurctional groups. Semples B1-B3 are pure amids Type poiymers, These
exhibit varyirg degrees of intersciion, all however of a lover magnitade than BY,
This result is not surprising in view of the less nuclecphilic nuture of umides as
compared to amines. The 41/B2 is very stable. This amide polymer contains bulky salkyl
groups subsiituted on the polymer hackbors to prevent crystellization of the material.
The interaction with UNT is possibly sterically hindered by these groups. A moderais
Interaction is obtained wiih ths BS {urethene) meterial, while the 34 {imide] sampis
is not alfected by TNT. The result for BA is in asccordance with the good chemical
stability of the imide bond.

Fig. 3 also gives a gomparison of the compatibility of tha systems TWNT/Rh and
RDX/Bh. RDX, representing a class of non—arcmatic nitro compounds, appears to give
the more stable gystem.

Hxperiences from matarial testing in our laboratory have showa that the mechani-

cal properties of polycarbonate may be strongly affected by provellsrts,. [he chemical
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Fig. 4. Heat flow curves at 70°C for the system polycarbonate (B2)/double base
propellant (AS). Note that curve I is reduced to half size.

activity leading to the polymer destruction has bsen studied with microcalorimetry.
The result iz dieplayed in Fig. 4 for the system AS5/B8, The stsbility of the pure
polymer is good, as shown by the small exotherm, curve B8. The propellant, curve A5,
15 slightly exothermal as expected, due to the spontaneous decompositicn processes.
Curve I illustrates the activity in a mixture containing 30 wt¥ of the propellant. A
strong initial interaction is observed, which levels off rapidly. A considerable
part of the reaction occurs obviously during the first week of exposure. Integration
of the interaction between 1 and 10 days yields approximately 10 J/g of polymer, but
the true energy is probably larger, with regard to the initial exotherm. I it is
assumed that the interaction derives only from a chain scission reschtion with an
enthalpy approximated to 100 ki/mole of moncmer, then 120 J would correspond to
degradation of 2.5% of the menomer-monomer bonds. That degree of degradation ismost
likely accompenied by altered mechanical properties. Curve II refers to a A5/B8
semple with the same composition ratic, but with the components separsted by an inert
(luorinated polymer., Also in this case we notice an interaction, however at a lower
intensity. The result shows that the polymer destruction to a certaln extent is
caused by volatile compounds from the propellant, presumably various derivatives
of the stabilizer.

The compatibility of the propellant Al and the high explesive A3 with a standard
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Pig. 7. Heat Zlow curves at TODC for whe systems BY {anaerobicz adhealve}/A3

{Somp. B} and BY/AL (ddukie base propellant),

znaeropic adhesive BT has been investigated with microcalorimetry. Bolh systems are
shown in Fig. 5. A& marked difference In activity is abserved hetwson zhe A3/10 wsd
BT znd AN/10 wt% B7 systems. The former exhibits good compalibillizy while ke pro-
pellant exotherm lneresscs considerably in the prescuce of adhenive, The Interaction
energy for AR/BT inlegrated over 1 tc ¥ days is found to be 22 J/g sample. With that
interaction magrilude, the system must be classified as incompatible, lhe chemlcal
mechanisms behing the strong interuction are not known. Howsver, the exothermal BT

curve shows Lhat the pure achazive iargoes o Slow curing process, which produces

traces of Sree radlcals. lhose mway posulbly interfers wilh ihe radicsl reactions
invooved in the propzllant decomposilion,
We will finally show some results from a microcaleorimetric ssudy of the stabilisy

of an ilgniting composition A, shown in Fig. 6. Curves 1 - 117 refer wo B, B+Ra(lo,)

and B + KC10) + binder, respectively. The simllsrity of these curves points o boren
as the exotnermal comporent. The hza produection is presumabiy s vonsecguence of &
surface oxidation by free oxygen or vy the oxidizing agents. The reaction anergy
amoutls ©o approximately 30 J/g boron. The curve for the complate compositior AS has
quite & different shape, exhipiling o moximum atfter & days. The bosal energy 1s
gpproximately 30 J/g beron. Tas wilth and ocstion of the neak depends on at least

two paranslers, Liae humidity and the composition density. rfhe different sispe snd
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Fig. 6. Heat flow curves at T70°C for the ayatem A6 (igniting composition) and
difrerent combinaticnz of the zomponents.

energy of the A0 curve indicatss the presence of combination effects when 811

components are mixed.

CONCLUSIONS

Micrecalorimetric results from a wide range ol explosivefplastlic comblpaticns
show that this method could be successfully applied to compatibility problems.
Comparison of experimental and theoretical heat flow curves and total energies
calculated from these, together with physical and chemical considerations are used
in the interpretation of iInteraction phencmena and their connection to compatibility.
The method is very sensitive and measures all interactions involved at moderatly

accelarated Lemyperalures.
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